The effect of dietary protein on enzyme activity of pancreatic juice was studied in ten growing, castrated, Large White male pigs. Animals, fitted with permanent cannulas in the pancreatic duct and in the duodenum, were divided into two groups receiving either casein or rapeseed concentrate as a protein source. After a 15 d adaptation period to the experimental diet, the volume of pancreatic secretion was significantly higher, whereas the protein concentration was lower in the casein group compared with the rapeseed group. No statistical difference was observed in the daily protein output between groups. Total secreted activities of carboxypeptidase A (EC 3.4.17. l), and elastase (EC 3.4.21.36) were higher in the casein group during the nocturnal period, whereas total activities of trypsin (EC 3.4.21.4), chymotrypsin (EC3.4.21.1), carboxypeptidase B (EC3.4.17.2) and amylase (EC3.2.1.1) in pancreatic secretions during the post-prandial periods were increased by the ingestion of the rapeseed diet. It is concluded that the pancreatic enzyme secretion is sensitive to the nature of the protein ingested.
compared with a 150 g casein/kg diet. It was postulated that the response to whole-egg protein was related to the high biological quality of this protein and to its content of eggwhite trypsin inhibitor (Snook, 1969) . Johnson et al. (1977) have shown that when lowquality proteins are fed, no enzymic response occurs even with a high-protein diet and they have concluded that proteins of a high quality are necessary to elevate enzyme synthesis. The aim of the present experiment was to study the effect of two different dietary proteins, casein and rapeseed, which have a high biological yield but specific hydrolysis kinetics (Savoie et al. 1988) , on the enzyme activity of exocrine secretions from the pig pancreas.
M E T H O D S

Animals and diets
Ten growing, castrated, Large White male pigs were divided into two groups fed on a diet containing either casein protein (sodium caseinate ; Union des Caskineries Cooptratives de Charente Poitou ; 863 g protein/kg dry matter (DM)) or rapeseed-concentrate protein (Protein concentrate 00 Tandem; Cetiom; 592 g protein/kg DM) as a protein source. The composition of the diets is given in Table 1 . The two diets were isonitrogenous and they were made isoenergetic in gross energy by adjusting the fat and cellulose contents. The feed was provided in two equal meals of 800 g DM each (food-water ; 1 : 1, w/v) at 09.00 and 16.00 hours.
E.uperimenta1 design The pigs were adapted to their experimental diets for 8 d before surgery. The mean live weight was 38.5 (SE 3.4) kg for the group fed on the casein diet and 36.9 (SE 5.1) kg for the group fed on the rapeseed diet. Under halothane anaesthesia animals were prepared for complete collection of pancreatic juice, by a direct cannulation of the pancreatic duct, and
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for its subsequent return into the duodenum . This involved the insertion of a polyethylene catheter into the pancreatic duct immediately above its point of entry into the duodenum. The duct was then tightly closed around the catheter by a suture. A second catheter was inserted into the duodenum, close to the normal point of entry of pancreatic juice. Both catheters were exteriorized through stab wounds in the flank. The macroscopic and histological examinations of the pancreas from pigs fitted with such a pancreatic fistula for up to 1 month did not reveal any abnormality (values not shown).
After surgery, pigs were kept in individual metabolism-type cages and given their diets during a 7 d recovery period followed by a 5 d experimental period.
Measurement of pancreatic secretion
The catheters for pancreatic juice collection and return were connected to an apparatus which re-introduced the secreted pancreatic juice immediately into the duodenum and gave automatically a precise record of its volume (Juste et al. 1983) . During the recovery period, pancreatic juice was re-introduced entirely into the duodenum and, during the experimental period, a sample (100 ml/l) was withdrawn continuously for analysis. Hourly samples were pooled in three periods: post-prandial secretions from 09.00 to 16.00 hours (period 1) and from 16.00 to 23.00 hours (period 2) and basal secretion from 23.00 to 09.00 hours (period 3). These periods were chosen to determine the possible effect of digestive state on the pancreatic secretion. The samples were stored at -20" until analysis.
Analysis
Total proteins were determined according to Lowry et al. (1951) . Lipase activity was measured by titrimetry at pH 9 according to the method of Rathelot et al. (1975) . Amylase activity was determined according to the modified method of Metais & Bieth (1968) on a biological sample containing a high amylase activity (Corring & Saucier, 1972) . Chymotrypsinogen (Reboud et al. 1962 ) and proelastase (Gertler & Hofmann, 1970) were activated with a trypsin solution (1 mg trypsin/ml 0.001 M-hydrochloric acid) added at 60mg/g total protein in the juice sample. Trypsinogen (Reboud et al. 1962 ) and procarboxypeptidases A and B (Yamasaki et al. 1963) were activated with the same trypsin solution added at 100 mg/g total protein in the juice sample. Chymotrypsin and trypsin activities were determined by titrimetry at pH 7.9 on N-acetyl-L-tyrosine ethyl ester (ATEE) and N-benzoyl-~-arginine ethyl ester (BAEE) substrates, respectively (Reboud et al. 1962) . Elastase activity was measured by titrimetry at pH 7.9 on N-acetyl L-alanyl L-alanine methyl ester substrate according to the method of Gertler & Hofmann (1 970). Carboxypeptidase A activity was determined by titrimetry at pH 7.9 on hippuryl-phenyl lactic acid (HPLA) substrate according to the method of Yamasaki et al. (1963) . A spectrophotometric method was used for the determination of carboxypeptidase B (EC 3.4.17.2) activity according to the method of Folk et al. (1960) . All enzymic activities were expressed as total activities secreted in pancreatic juice (pmol substrate hydrolysed/min).
Statistical ana fysis Differences between means were assessed by Student's t test following analysis of variance (Steel & Torrie, 1980) . These calculations were performed with a statistical software (Genstat, developed by the Rothamsted Experimental Station, Harpenden, Herts, UK).
R E S U L T S
All feed offered was consumed by the animals and the average weight gain of all animals was approximately 15 kg during the first 4 weeks after surgery.
The volume of pancreatic juice collected over 24 h was significantly higher ( + 29 YO, P < 0.05) in the casein-fed animals ( Table 2) . Differences between casein-and rapeseed-fed animals were observed at each of the three experimental periods, being significant for the first post-prandial period (+22 YO, P < 005) and the nocturnal period (+40 %, P < 005).
The mean daily concentration of total protein in pancreatic juice was not significantly different between casein-and rapeseed-fed pigs (Table 2) , although total protein concentration was significantly ( P < 0.05) lower in the casein-fed pigs during the period 09.00 to 16.00 hours.
The total protein output per 24 h in pancreatic juice was not significantly affected by the ingested protein (Table 2) .
The activities of the proteolytic enzymes, secreted in pancreatic juice, were not affected in the same manner by the two protein diets (Table 3 ). The activities of trypsin, chymotrypsin and carboxypeptidase B secreted in pancreatic juice were higher in rapeseedfed animals with these effects being significant (P < 0.05) in the first post-prandial period for trypsin and during the first two post-prandial periods and the 24 h mean, for chymotrypsin and carboxypeptidase B. This effect of the rapeseed diet on the secreted activities of the three enzymes appeared to be diminished during the nocturnal period. The mean daily total secreted activities of elastase and carboxypeptidase A were lower on the rapeseed diet principally due to a significant (P < 0.05) decrease in the secreted activities of these enzymes during the nocturnal period.
Total secreted lipase activity was not significantly modified by the ingested protein. But, the daily total activity of amylase was significantly higher in rapeseed-fed pigs ( + 63 YO, P < 0.05), values being significantly higher in each of the two post-prandial periods (Table 3) .
DISCUSSION
The present study demonstrates that the volume and enzyme concentration of pancreatic juice secretion can be influenced by the consumption of diets containing different proteins.
The primary response was a 29 O/O increase in pancreatic juice daily flow-rate in the casein group. The mechanisms responsible for this increased secretory rate are not known but may be related to the buffer capacity of protein sources. O' Hare et al. (1984) showed that the buffer capacity varied from one protein to another. For example, casein, a phosphoserinerich protein, has a higher buffering capacity than rapeseed concentrate whose mineral content decreases during preparation (Berot & Briffaud, 1983) . In order to attain optimum pH conditions for enzyme activation and activity, the pancreas may have to secrete more bicarbonate with a casein diet, which would explain the increase in water secretion.
Our study showed that total protein secretion in pancreatic juice was not modified by the nature of dietary protein ingested by the pig. These findings are consistent with those of Partridge et al. (1982) and Zebrowska et al. (1983) who demonstrated, in the pig, that the daily amount of secreted protein remains constant whatever the source of dietary protein (e.g. barley, wheat and fish protein or barley and soya-bean protein). Our results concerning enzyme activities do not support those obtained by Partridge et ul. (1982) and Zebrowska et ul. (1983) . They demonstrated that the consumption of diets differing in protein source did not significantly modify the activities of trypsin, chymotrypsin, carboxypeptidase A and carboxypeptidase B secreted in pancreatic juice. However, comparisons of the present work with previous studies is complicated by the use of two semi-purified diets in our studies, whereas Partridge et al. (1982) and Zebrowska et al. (1983) have examined a purified diet containing casein as protein source and a practical growing-pig diet based on barley, wheatings and fish meal. The difference in physical form between the diets in the previous work could be responsible for some modifications of the pancreatic secretion (Malagelada, For details of diets, see Table 1 and for details of procedures, see pp. 216-217.
1 For volume and protein output, 24 h period is the sum of p 1 , p 2 and p 3; for protein concentration, 24 h period is the mean of p 1, p 2 and p 3.
1980). The results indicate that the activities of trypsin, chymotrypsin and carboxypeptidase B secreted in pancreatic juice are increased on the rapeseed diet during the post-prandial periods but that elastase and carboxypeptidase A are decreased during the nocturnal period on this diet relative to pigs fed on the casein diet. Our data do not allow an explanation of these results. As regards the other enzymes, amylase activity was higher in the rapeseed-fed pigs. An increase in amylase activity has been previously described after a low-protein highcarbohydrate diet in the pig (Corring & Saucier, 1972) and in the rat (Temler et al. 1984) . The starch content of the rapeseed diet is not very different from that of the casein diet and, therefore, cannot explain the higher amylase activity in pancreatic juice of animals fed on the rapeseed diet. Lipase activity was not significantly affected by casein or rapeseed diet even though the casein diet contained twice as much lipid as the rapeseed diet in order to make the diets isoenergetic. This result is not in agreement with previous studies which showed an increase in lipase activity when dietary lipid intake is increased in pigs and rats (Mourot & Corring, 1979; Sabb et al. 1986) .
In published studies, authors have compared protein sources in which biological values were different (i.e. casein, zein or wheat gluten) (Johnson et al. 1977) or protein sources which contained trypsin inhibitor (Green & Nasset, 1983; Richter & Schneeman, 1987) , the latter being a potential activator of pancreatic secretion in several species (Schneeman rt al. 1977; Struthers & McDonald, 1983; Temler et al. 1984) . To our knowledge, no study has been performed where both proteins studied are of high biological value.
The total amount of pancreatic proteins secreted during 24 h was not significantly different in the two groups, but the enzyme activities, secreted in pancreatic juice, were significantly modified by the type of protein ingested. It appears that the pancreatic proteolytic 'digestive' activity was modified by the dietary protein, which is interesting t For details of diets, see Table   1 and for details of procedures, see pp.
21&217.
$ 24 h period is the sum of p 1, p 2 and p 3.
from a nutritional point of view. However, the present work does not indicate whether this effect was due to a change in enzyme biosynthesis or proteolytic activity of the enzyme. The results of the present study have relevance to the use of in vitro techniques to study the rates of proteolysis of different dietary proteins since the type of protein in the basal diet fed to pigs donating pancreatic juice may influence the rates of hydrolysis of different proteins. It is not known to what extent the differences in enzyme activities between casein and rapeseed pancreatic juices are sufficient to modify the in vitro hydrolysis kinetics of these proteins.
